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ABSTRACT

Coatings produced from zinc oxide and polyphosphoric acid did not
resemble those produced from zinc oxide (ZnQO), dimethyl hydrogen
phosphite (DMHP), and ethyl acid phosphate (EAP).

Coatings (ZnO-DMHP-EAP) cured above 55% relative humidity
at 100°F were water resistant but not heat resistant, while those cured
below 55% were heat resistant but not water resistant, At 136°F, the
similar critical relative humidity value was earlier found tc be 38%,

Water-resistant coatings prepared from ZnO-DMHP-EAP were more
insoluble in water than coatings prepared from the same materials that
were not water resistant. The zinc in the water-soluble fractions of
these coatings was present as ions, or it was present in some form that
was easi'y ionized when dissolved in water,

When the ZnO-DMHP-EAP coating material was dissolved in
DMHP and the solution was applied to aluminum, a cyusty layer was
obtained, When the crust was removed, a surface coating remained that
was heat resistant, water resistantes coherent, hayd, and firmjy bound to
the aluminum, Attempts are now being made to dupéicate these results,,

-iii-
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THE DEVELOPMENT OF HEAT-RESISTANT PAINTS FOR METALS

I. INTRODUCTION

The purpose of this project is to develop protective coatings for
metals that can be bonded without heating and that will withstand high
temperatures, This type of heat-resistant paint is needed for certain
aircraft and space-craft applications in which it is not practical to heate
cure the coating to promote bonding. Yet the coating must protect the
metal substrate at the high temperature that may be developed in flight
at high speeds as well as against corrosion and erosion under normal
atmospheric conditions.

Ahe present contract proviges for continuation of the work carried
out for the Bureay of Weapons undes previous contracts NQeas-6Q=6Q75=c
and NOw-61-0546d.

¥n the earlier studies, combinations of a large number of meta}
oxides and ceramic frits with various liquid osganophosphorus compounds
were investigated for making coatings with the desired characteristics,
The gesults of these studjes showed that well-bonded, heategesistant
coatings that cayld be cuged at low temperatures could be made from
metal oxides and phosphorus compaundse Fop example, coatings wexe
made by application of a mixtupe of zinc oxide, ditwethyl hydgogen phosphite
(DMHP), and ethy} acid phosphate (BAP) to aluminum that wege wel}
bonded to the substyate and that were resistant t@ wet abrasion, ta teating
at 300Q°F for oveg 200 hours, and to thermal shock que to heating to
1000°F and quenching in cold water. Howevep, coatings with these
propegties could not be produced consistentdy, Studies of yeaction
mechanisms and of the effects on coatyng properties of additives and of ®
variations in methods of preparing and applying the coatiag mixturesy
in cygring conditions, and in the camponents and component ra®ios wege
€@t complete at the time of expiration of the previous contrace,

L]

In gesuming these studies under the curren® contract, effogts haye
been made to leapn tmoge about the chemical natyge of the coating formed
by the metal oxide-og'ganophosphorus compound reaction system and the
reactions by which it §s formed. The basic coating mixture used fom
most of the current work has consisted of 10 parts of zinc oxide, 12
parts o§ PMHYP ang 1 pase of EAP. To explore the possibility of a poly=
phosphoréc acid being ap éntermediate in the metal oxidesorganophosphorus
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compound reaction system, preliminary experiments have been conducted
on the reaction of zinc oxide and polyphosphoric acid, Successful
preparation of coatings by this reaction would also indicate the possibility
of a phosphorus-oxygen-phosphorus linkage comprising the basic
macromolecular structure, Experiments were run on coatings that
were water resistant and some that were not water resistant in attempts
to find indications of the nature of the bonding of the zitic atom in the
ZnO-DMHP-EAP coating system, .

The studies of the effects of curing temperature, relative humidity,
and curing time on the heat resistance and water gesistance of
ZnO=DMHP<EAP coatings were yesumed, The effect of purity of DMHP
on coating properties was also investigated, .

An approach to the preparation of coatings that was discussed, but
not thoroughly investigated during the previous contract period, was to
dissolve the coating material formed by the reaction of zinc oxide and
oyganophosphopus compounds te prepare a solution of the heat-stable
reaction product that could be applied easily to a metal surface. If this
could be accomplished, less concern over conditions of application mjght
be necessary, For example, curing conditions and geaction time would
not be as critical at the time the coating was applied, During this report
period, studies of the use of DMHP as a solvent fop the ZnO-DMHP#EAR
reaction product were initiated,

.

. 1I, SUMMARY

1, Reactions of zinc oxide and polyphosphoric acid, which was
prepared by reacting orthophosphoric acid and phesphogys pentoxide,
yielded crusty, hard products with no cohesive stgength or film integrity.
Although the evaluation of these products has not been completed, these
ppoducts did not sesemble the coatings prepared ffom ZnO-DMHP-EAP,

2, Addition of sodium feyyocyanide to the water extracts of
ZnO-NDMHP-EAP coatings precipitated zinic ferrogcyanide, The gesult
tndicated the zinc in the watere=soluble fractions of the O «sPMHPeEAP
coatings was present as ions, orF it was present in some form ¢that was
easily ionized when dissolyed in water., There was less of this watere
seluble zifc in the watePeresistant coating thaty i the coating tha® was noe

RateP Tesistanty
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The zinc present in the water-insoluble fraction of the water-
resistant coating was not readily accessible for exchange with calcium,
when the water-insoluble fraction was digested in a 10% aqueous solution
of calcium chloride,

3. At a curing temperature of 100°F, coatings cured above 55%
relative humidity were water resistant but not heat resistant, while those
cured below 55% wege heat resistant but not water resistant, In earlier
studies, the critical gelative humidity at a curing temperature of 136°F
was found to be 38%, Studies are now being conducted at T2°F and different
relative humidities,

4e Increasing the curing time from 2 to 24 hougs had na effect on
the water and heat resistance of the ZnOeXJMHPeEAP coating cured at
100°F at 20 or 50% relative humidity.

5 Coatings prepared with commercial DMHP and coatings prepared
with the DMHP by distillation had similar properties.

6. A solution of the ZnO-DMHP-EAP coating materia in PMBP
was applied to aluminum panels and allowed t@ stand for 24 hours,
Subsequent heating of the pane! to drive off volatiles resulted in an easily
removed crust being fogmed on the pane}, After the cyust was removed,
a surface coating remained on the alumjgum that was cohegyent, heat
resistant, water resistant, and fairly hard, The solution and the coating
will be studied further,

111, MATERIALS AND PROQCEDURES
A, Materials *

The organophosphogus cospaynds used during ¢his geport period
wege commercialegrade products that wege obtained from the Virginia
Carolina Chemical Cogpatation. The otheg* chemjcals used were reagente
grade products that were obtained §rom General Chemical Division of
Altied Chetaical Corpoyation, The alumifum fog the coating substrate
was Alcad 2024-T3. These are the sagie grages of thaterials that have
beet ysed jn the prev&ous studges,
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B. Coating Evaluation Procedures

After application to the aluminum substrate and curing, the coatings
were evaluated for appearance, hardness, bonding, water resistance, and
heat resistance, Hardness was determined by scratching a coating with a
fingernail, Bonding was evaluated by bending a coated panel over a conical
mandrel (maximum diameter of bend -0.5 in,), and observing the loss of
adhesion of a coating at the bend, Water resistance was determined by
rubbing a wet coating with a wet paper towel and observing any loss of
adhesion to the panel, Heat resistance was determined by placing a coated
panel (coated side up) on a laboratory hot plate at 1000°F for 5 minutes,
and then quenching it in cold water and observing the effect on the coating,

A rating system similar to the one outlined in the final report on
Contract NO-as-60-6075-c (February 3, 1961) was used to indicate the
performance of coatings. In'this system, numbers from 1 to 4 are used
to indicate the performance of coatings as follows:

Hardness

Rating 1 @ yery hard, cannot be scratchegd by a fingernai}

Rating 2 @ hatdy can be scratched by a fingernail if moderate
pressure s applied

Rating 3 ® soft, can be easily sceatched by a finger'nail

Rating 4 - very soft, can be rubbed off panel with finger

£ . .
Surface appearance of coatmg afteg curing at room temperature

->—

Rafing 1 « smooth, even surface

Rating 2 ® rough, uneven sugface
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Bonding

Rating 1 » good bonding, no loss of coating on bending panel
over a 0, 5-in,-diameter mandrel

Rating 2 e fair" bonding, very slight damage at unprotected edges
of pane} on bending ever a 0, §»in, diameter mandrel

Rating 8 - poor bonding, considegable loss of coating on bending
panel ovep a 0. §-in, diameter mandrel

<]

Water resistance 5wet abrasion method}
_——

Rating 1 = insojuble and tightly adhered to panel
Rating 2 @ itsaluble but only partially adhesged ta panel

Rating 3 - saluble, not aghered to panel

Heat pesistance«1000°F fog § minutes plus quenching

Rating 1 = not damaged

Rating 3 = vepy slightly dammaged at unprotected edges

Hatlng 3 » badly damaged, eoating §laked off of foamed

SOUTHERN RESEARCH INSTITUTE
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IVv. EXPERIMENTAL RESULTS AND DISCUSSION

A, Studies of the Structure of the ZnO-DMHP-EAP Coating

1. Reaction of zinc oxide with polyphosphoric acid

The reaction of ZnO with polyphosphoric acid is being studied with
the expectation that knowledge of this reaction and the products formed will
shed some light on the nature of the reaction occurring in the zinc oxide-
dimethyl hydrogen phosphite (DMHP)-ethyl acid phosphate (EAP) mixtures
and on the structure of the products of this reaction,

Polyphosphoric acid was prepared by the reaction of equimolar
uantities of orthophosphoric acid and phosphorus pentoxide under pitrogen
at 225-250°C for 10 hours.? The reaction product was a light yellow
syrup which was difficultly soluble in water,

Four blends containing 1Q parts of polyphosphoric acid and 1, 2, 5,
or 10 parts of ZnO were prepareds and attempts were made to form
coatings of them on aluminum panels, The feaction products formed
hagd, brittle, discrete agglomerates; none of them formed a coherent
ceating on the aluminum, The products will be studied to detegmine their
charactegistics and further attempts will be made to pgepare coatings of

this type,

2. Nature of bonding of zinc in ZnO-DMHPeEAR coating

Studies have peen initiated o determine the nature of the banding
of the gitc in ZnO-DMHP-EAP coatings that age not wate® resjstant and
0 those coatings that are water gesjstanty

Sammples of both types of caatings were prepaged by casting
the basic ZnQeQMHPs EAP formulation on glass plates and by cuting
it at 100°F yndeyp the proper humidity conditionss The coatings wege
scgaped from the Plates, weighed, and suspended separately in water
deated ta 60°C for several hourse The gnixtuges wege then filteredy

L4
-

1. E. L. Gefter, "Organophosphogus Monomers and Potymexs, "
Associated Technical §esvicese $nc., Glen Ridge, New Yersey,
1962, -p 240.
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and the residues were washed several times with distilled water, dried,
and weighed,

Both the water-resistant and the nonwater-resistant coatings were
found to be partially soluble in water, The coatings that were not water
resistant were more soluble than the coatings that were water resistant:
About 41% of the coating that was not water resistant was soluble, and
about 17% of the coating that was water resistant was soluble,

Sodium ferrocyanide was added to the filtrates and zinc ferrocyanide
precipitated. Approximately 2.7 times more precipitate was obtained
from the filtrate of the coating that was not water resistant than from the
filtrate of the water-resistant coating, This difference in the amounts of
zinc ferrocyanide precipitate from the two types of coatings agrees with
the difference in the solubilities of the coatings, as would be expected.
These gesults indicate that the zinc present in the water-soluble fractions
of the coatings was present as ions or in some form that was easily
ionized when dissolved in water,

The insoluble gesidue from the water-resistant coating was
suspended in a 10% aqueous calcjum chloride sodution, and the suspension
was heated at near boiling for* several hours, while being stirred, and then
it was allowed to stand for 7 dayse The suspension was filtered, and the
tesidue was washed severa} times with distilled water and then dried.
Spectpographic analysis of the residue showed that it contained only 0. 1%
calcium, Jf the zinc present in the insoluble residue of the watere
gesistant caating was present as easily geplaceable ions, we would have
expected the ¢€oating ta have contained more calcium,

Be Effects of Reaction Variables on the ProEerties of the ZnOesDMHP-EAP
Coating sttem

3. Curing temperature, relative humidity, and time
- -0 -

Expepiments have been conducted to study the effects of curing
tempegature and relative humidity on coating properties, During the
previous contract period, experiments were conducted at curing conditions
of 136°F and relative humidities ranging from 20 to 70%. Experiments at
$00°F and gelative humidites ranging from 20 to 60% were made during
this gepost period, and experiments at 72°F and dpfferent relative humidities
are naw yWder way,

SOUTHERN RESEARCH INSTITUTE
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Coatings evaluated were basically 10 parts of ZnO, 12 parts of
DMHP, and 1 part of EAP, Varying amounts of distilled water were added
to some of the blends, The blending procedure was as follows: The ZnO
was added to the DMHP and the mixture was stirred for 75 seconds and then
the EAP and water were added and the mixture stirred for an additional
15 seconds. The mixing was done in a Waring Blendor or in a beaker with
a spatula, Coatings were doctored onto aluminum panels that had been
sanded lightly, rinsed with acetone, and air-dried. As in our previous
study, the coated aluminum panels were placed in a controlled environment
within 10 minutes after application of the coating to the panel.

As shown by the data in Table I, the coatings cured at 100°F and a
relative humidity above 55% were water resistant; the coatings cured at
100°F and a relative humidity below 55% were not water resistant,
Conversely, the coatings cured at relative humidities above 55% were not
heat resistant and those cured at relative humidities below 55% were heat
resistant. At 136°F, the similar critical relative humidity value was
earlier found to be 38%. A curing temperature of 7T2°F and different
relative humidities are now being studied and initial results indicate that
there is also a critical relative humidity value at this curing temperature,
Reasons for the properties of the coatings to depend upon the humidity
during curing are being sought, and then attempts will be made to prepare
coatings with properties less sensitive to the relative humidity during

curing.

The heat resistance and water resistance of coatings cured at 100°F
and 20 or 50% relative humidity for 2 hours and for 24 hours are given in
Table II, All of the coatings had the same resistance to heat and water.

2. Purity of DMHP

It was thought that impurities present in commercially supplied
DMHP might be the cause of some of the inconsistencies in properties
obtained with the ZnO-DMHP-EAP coatings, Coatings prepared from
the following formulations were evaluated to compare distilled and
undistilled DMHP:

(1) 10 parts of ZnO, 12 parts of DMHP
(2) 10 parts of ZnO, 12 parts of DMHP, 1 part EAP
(3) 10 parts of ZnO, 12 parts of DMHP, 1 part water

SOUTHERN RESEARCH INSTITUTE
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The DMHP was fractionally distilled under a nitrogen atmosphere at 17 mm
pressure, and the fraction boiling between 68, 5°C and 70°C was collected,
and used. This fraction represented 95% of the original charge.

The coatings prepared with the distilled DMHP did not differ in heat
resistance or water resistance from the coatings prepared with undistilled
DMHP,

C. Evaluation of DMHP as a Solvent for the ZnO-DMHP-EAP Coating

It had been postulated earlier that the coatings prepared from ZnO,
DMHP, and EAP consisted of a polymeric material, which served as a
binder, and of unreacted ZnO. If the coating material could be dissolved
in a solvent and applied to metals, the conditions for curing the coating
may be of less concern, Previous attempts to find a solvent for the
coatings were unsuccessful, but during this report period, it was found
that coatings heated to 1000°F for 5 minutes could be dissolved in an
excess of DMHP, The heated coatings were water resistant.

A number of panels that had been coated with a ZnO~-DMHP-EAP
formulation were immersed in DMHP overnight. The coatings completely
dissolved. Approximately 75% of the DMHP was distilled from the
solution under reduced pressure, and the residue was applied to aluminum
panels, After 24 hours at room temperature, the coating was not dry,
presumably because of the low volatility of the DMHP. However, when
the panels were heated on a hot plate to 1000°F, the volatile portion of the
coatings was removed, and a crusty, brittle solid remained on the panels,
This solid material came loose from the panel when the panel was placed
in water, leaving a thin coating on the surface of the panel that was heat
resistant, hard, water resistant, and well bonded to the aluminum, It
has not been determined whether a separate coating was deposited on the
surface of the aluminum panel or whether the surface of the panel was
converted to a complex aluminum-phosphorus-oxygen salt, Investigations
of the coating are being continued,

SOUTHERN RESEARCH INSTITUTE
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V. FUTURE WORK

The study of the chemical nature of the ZnO-DMHP-EAP coatings
will be continued. Elemental analyses will be obtained on the soluble and
insoluble portions of coatings that are water resistant and coatings that
are not water resistant, Attempts will be made to determine how the
zinc is bound in the insoluble portion of both types of coatings. The water
content of coatings and the amount of volatile products produced when the
coatings are cured under different conditions of temperature and relative
humidity will be determined.

The study of the treatment of aluminum with dissolved ZnO-DMHP-
EAP coatings will be continued.

The thermal stability and water solubility of the agglomerates
formed by the reaction of polyphosphoric acid and zinc oxide will be
determined, and additional techniques for obtaining coatings through the
polyphosphoric acid-zinc oxide reaction will be tried, If possible,
polyphosphate esters will be prepared and reacted with zinc oxide.
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